Probing the Tryptophan Environment in Therapeutic Proteins: Implications for Higher Order Structure on Tryptophan Oxidation.
Tryptophan (Trp) oxidation in proteins leads to a number of events, including changes in color, higher order structure (HOS), and biological activity. We describe here a number of new findings through a comprehensive characterization of 6 monoclonal antibodies (mAbs) following selective oxidation of Trp residues by 2,2'-azobis(2-amidinopropane) dihydrochloride. Fluorescence spectroscopy, in combination with second derivative analysis, demonstrates that the loss of Trp fluorescence intensity is a sensitive indicator of Trp oxidation in mAbs. Size-exclusion chromatography with UV and intrinsic Trp fluorescence detection was demonstrated to be a useful method to monitor Trp oxidation levels in mAbs. Furthermore, the Trp oxidation levels measured by size-exclusion chromatography with UV and intrinsic Trp fluorescence detection were found to be in agreement with the values obtained from tryptic peptide mapping by liquid chromatography with mass spectrometric detection and correlate with the total solvent accessible surface area of the exposed Trp residues from in silico modeling. Finally, near-UV circular dichroism and Raman spectroscopy were used to evaluate the impact of Trp oxidation on HOS and identify specific oxidation products, respectively. This work demonstrates that protein HOS is altered on Trp oxidation in mAbs and multiple spectroscopic markers can be used to monitor the molecule-dependent Trp oxidation behavior.